The Lower Yangtze river belt is one of the most important metallogenic belts in China. The mechanisms responsible for ore genesis and the formation of related Cretaceous igneous rocks, such as adakite, A-type granitoid, and Nb-enriched basalt, remain controversial. Mesozoic granitoids in the Lower Yangtze river belt were mostly formed in the Early Cretaceous (140-125 Ma), and three granitoid belts-the inner, the south, and the north-have been defined according to petrological and geochemical characteristics. Previously, based mainly on negative εNd and high initial Sr isotope values, the adakitic rocks were generally attributed to partial melting of thickened or delaminated lower crust, both of which require crustal thickening. Mesozoic crustal thickening, however, is not supported by the development of extensional basins in the region. From the Late Jurassic to Cretaceous, eastern China was closely associated with subduction of the Pacific plate in the south and the Izanagi plate in the north. The midocean ridge (MOR) between these two plates was drifting toward and likely subducting under the Lower Yangtze river belt. A ridge subduction model can therefore explain the distribution of different magmatic rocks and ore deposits in the belt. Partial melting of subducting young, hot oceanic slabs close to the ridge formed adakitic rocks. The negative εNd values of adakitic rocks can be plausibly interpreted by mixing between adakitic magmas and enriched components in the lithospheric mantle, and/or crustal materials through AFC process. A slab window opened during ridge subduction as indicated by A-type granitoids in the center of the inner belt. Nb-enriched basalt found in the belt was likely formed by partial melting of a mantle wedge metasomatized by fluids released from the subducting slab at shallow depths.
Introduction
The Lower Yangtze river belt of central-eastern China refers here to the middle and lower reaches of the Yangtze River, extending from Wuhan in Hubei province in the west to Zhenjiang in Jiangsu province in the east. It is one of the most important metallogenic belts in China, containing more than 200 polymetallic (Cu-Fe-Au, Mo, Zn, Pb, Ag) deposits ( Notably, many of the deposits in the Lower Yangtze river belt are closely associated with adakite (Wang et al., , b, 2006 and were emplaced under conditions of high oxygen fugacity with a considerable amount of mantle components (Hou et al., 2007) . The formation of these Early Cretaceous igneous rocks has been studied intensively by Chinese geologists (Chang et al., 1991; Xing and Xu, 1995; Chen et al., 2001) .
Adakitic rocks are usually interpreted to have been formed by partial melting of subducting young, hot slabs of oceanic crust (Defant and Drummond, 1990; Kay et al., 1993) . Alternative mechanisms, such as partial melting of thickened or delaminated mafic lower crust, have also been proposed to explain some adakites with enriched isotopic characteristics or from localities away from active convergent margins (Chung et al., 2003; Wang et al., 2005) . Adakite from the Lower Yangtze river belt has been attributed previously to partial melting of thickened or delaminated lower continental crust, based mainly on Nd-Sr isotopes (Table A1 ) and other geochemical characteristics (Table A2 ; Zhang et al., 2001 ; Wang et al., , b, 2006 . In addition, the distribution of Early Cretaceous igneous rocks, aeromagnetic anomalies, and other geologic features in the belt, which all trend roughly perpendicular to the present Pacific subduction zone (Figs. 1, 2), would also seem to favor intraplate over subduction models. Consequently, porphyry ore deposits related to these rocks were taken as typical intracontinental deposits, which are not related to plate subduction (Hou et al., 2007) . These intraplate models, however, require crustal thickening, which is not consistent with other lines of evidence (Wang, 1985) . The setting of the Lower Yangtze river belt from the Late Triassic to Late Cretaceous probably included seas, bays, basins, and/or hills, based on the local rock units. Late Triassic basins in the belt most likely formed due to bending during the subduction of the South China block underneath the North China block. Younger pull-apart basins formed due to . B. Distribution of 140~125Ma magmatism and some major faults in the Lower Yangtze river belt (data supplied by Professor Jun Yan). The inner belt consists of high potassium calc-alkaline intermediate-acidic intrusive rocks, high sodium calc-alkaline intermediate-basic intrusive rocks, shoshonite, and A-type granite. "A" represents the A-type granites, which are symmetrically distributed along the Lower Yangtze river belt. The south belt consists of calc-alkaline rocks. The north belt also consists of calcalkaline rocks, but it is less developed and more complicated than the other two belts (Xing, 1999) . TLF = Tancheng-Lujiang fault, XGF = Xiangfan-Guangji fault, YCF = Yangxing-Changzhou fault.
western margins of the belt, respectively (Chen et al., 2001 ), separating it from the Dabie orogenic belt, the largest known ultrahigh-pressure metamorphic belt in the world ( Fig Ore deposits in the Lower Yangtze river belt are clustered into seven districts from west to east: (1) Edong (Eastern Hubei province, mainly Fe skarn and Cu porphyry deposits, e.g., Chengchao, Tongshankou, Tonglushan); (2) Jiurui (Jiujiang-Ruichang, Cu, Au, Mo skarn, porphyry, and strata-bound deposits, e.g., Jilongshan, Fengshandong); (3) Anqing-Guichi (Cu, Mo skarn, and strata-bound deposits, e.g., Yueshan); (4) Luzong (Lujiang-Zongyang, mainly Fe intrusion-hosted and Cu porphyry deposits, e.g., Luohe, Shaxi); (5) Tongling (mainly Cu, Au skarn, and strata-bound deposits, e.g., Tongguanshan, Shizishan); (6) Ningwu (Nanjing-Wuhu, Fe intrusion-hosted and skarn deposits, e.g., Gushan, Aoshan); and (7) Ningzhen (Nanjing-Zhenjiang, Pb-Zn-Ag strata-bound, CuMo porphyry, and skarn deposits, e.g., Qixiashan, Anjishan) ( , and were genetically related to Early Cretaceous igneous rocks (Chen et al., 1991) .
The Lower and Middle Cretaceous igneous rocks in the Lower Yangtze river belt consist mainly of volcanic rocks, volcaniclastic rocks, and granitoids, including andesite, rhyolite, shoshonite, trachyte, trachytic basalt, basaltic andesite, welded breccia, and tuff. The Upper Cretaceous is characterized by clastic red beds. There are three types of granitoids: a high K calc-alkaline granodiorite series (gabbro, diorite, quartz diorite, and granodiorite), a calc-alkaline diorite series (pyroxene diorite porphyry and diorite porphyry), and A-type granitoids (quartz syenite, syenite, quartz monzonite, and alkaline granite; Mao et al., 2006, and references therein; Fig. 1B ). Many of these granitoids are adakitic in composition (Xu et al., 2002; Wang et al., , b, 2006 Zhang et al., 2004) .
Different types of magmatic rocks are distributed zonally along the Lower Yangtze River, and have been classified into three belts-the inner, south, and north ( Fig. 1B ; Chang et al., 1991; Xing and Xu, 1995; Xing, 1999) . The inner belt consists of high potassium calc-alkaline intermediate-acidic intrusive rocks (e.g., Tongling), high sodium calc-alkaline intermediate-basic intrusive rocks (e.g., Ningwu), shoshonite (e.g., Ningwu and Luzong), and A-type granite (Xing, 1999) . The south belt consists of calc-alkaline rocks, generally large plutons with some small bodies of granodiorite porphyry. The north belt also consists of calc-alkaline rocks, but it is poorly developed and seemingly more complicated than the other two belts, with fewer intrusive bodies and less mineralization (Xing, 1999) .
A Ridge Subduction Model
Ridge subduction has long been recognized in Pacific subduction zones (Uyeda and Miyashiro, 1974) . It produces magmatism with unique characteristics and opens slab windows (Dickinson and Snyder, 1979), i.e., the subducting ridge evolves into an ever-widening gap between the two downgoing oceanic slabs straddling the ridge (Thorkelson, 1996) . Ridge subduction with a slab window has been proposed to explain distinctive associated magmatism observed in many localities-for example, southern Baja California (Benoit et al., 2002) , 2007) . Given that the northwestward movement of the Izanagi plate was much faster than the southwestward movement of the Pacific plate (Maruyama et al., 1997), the MOR between these two plates would have been drifting northward before 125 Ma. Assuming that the drifting of the MOR was controlled by different rates of motion by the two oceanic plates, its ridge drifting rate would be equal to half the difference between the two plates' drifting rates. Based on plate reconstruction results, the north-northwestward-drifting rate of the Izanagi plate was estimated to be about ~20 to 30 cm/yr, whereas the drifting of the Pacific plate was much slower, at ~10 cm/yr (Maruyama et al., 1997). The drifting rate of the MOR is thus estimated to be ~5 cm/yr, or ~1,000 km in 20 m.y. Thus, the MOR between the Pacific and Izanagi plates can be calculated to have passed close to the Lower Yangtze river belt at 140 Ma (Fig. 3) . Based on the chemical characteristics and spatial distribution of early Cretaceous igneous rocks in the Lower Yangtze river belt, we propose a ridge subduction model to explain the Cretaceous magmatism (~140 to ~125 Ma) and associated ore genesis in the region. Given that both the Pacific and Izanagi plates had westward components of movement, the MOR between these two plates was drifting toward and very likely subducting under eastern China. The components of northward and southward movement of the Izanagi and Pacific plates, respectively, imply that there should have been a slab window opening during ridge subduction. This can plausibly explain the east-west distribution trend of adakite, as well as the occurrence of the three magmatic belts in the Lower Yangtze river belt. Previous studies have shown that the magmatic effects of slab windows vary dramatically during ridge subduction, forming adakitic magmas due to slab melting and A-type magmas as a result of asthenospheric upwelling through the slab window (Thorkelson and Breitsprecher, 2005). In particular, partial melting of subducted young, hot oceanic crust near the MOR is the cause of the formation of adakitic rocks. As ridge subduction continues, a slab window opens. As a result, the A-type granitoids in the Lower Yangtze river belt form due to mantle upwelling through the slab window (Thorkelson and Breitsprecher, 2005) , such that they are distributed only in the center of the inner belt ( Fig.  1B ; Xing, 1999). Subducting slabs are colder and wetter with increasing distance from the ridge. As a result, slab melting also decreases, while dehydration-induced partial melting of the overriding mantle wedge increases. Therefore, associated magmatic rocks change compositionally from adakitic to calcalkaline. Because the Izanagi plate drifted to the north-northwest with only a small component of westward movement, the north magmatic belt was not well developed. Ridge subduction can commonly produce features that intersect with the subduction zone, which explains the distribution trend of the magmatism and probably also the east-west distribution trend of the aeromagnetic anomaly in the Lower Yangtze river belt (Fig. 2B ).
Discussion

The formation of adakite in the Lower Yangtze river belt
The geochemistry and petrology of adakite in the Lower Yangtze river belt has been studied extensively by a number of Chinese geologists (Tables A1, A2 ). There are currently three different genetic models for the formation of Mesozoic Figure 3C . The hot asthenosphere upwelling caused by the window opening resulted in crustal melting and the formation of granitic magma chambers (modified after Kinoshita, 2002) . Hotter and younger slabs at the plate margins generate the adakitic magmas through partial melting. A-type granite is probably formed after the slab window opened. NEB = Nb-enriched basalt.
adakites in the Lower Yangtze river belt. (Fig. 4) show that the region was not likely to be thickened at this time (Wang, 1985) .
Melting of delaminated lower continental crust offers another possible explanation of the high Mg# and Nd-Sr isotope features. The temperature and pressure of delaminated lower continental crust increase during foundering, which is similar to subducting oceanic plates. Melting during foundering, however, requires the temperature of the delaminated lower continental crust to rise faster than its solidus with increasing depths. Subducted oceanic slabs can be melted only under special conditions, e.g., as a young, hot slab (Defant and Drummond, 1990) and/or by nearly flat subduction (Gutscher et al., 2000) . Considering that the lower continental crust is generally much drier than subducting oceanic crust, whether delaminated lower continental crust can be melted still remains an open question. Moreover, crust delamination requires crustal thickening to produce a dense eclogitic lower crust. As discussed above, crustal thickening is not supported by the development of extensional basins in the region.
Underplating of basaltic lower crust during Jurassic-Cretaceous extension could have provided the heat source required for the formation of adakite, resulting in magmas with high Mg# (Hou et al., 2007) . Adakite, however, has been interpreted to have been formed by dehydration melting of eclogite accompanying crustal underplating by hot basaltic material Kerrich, 2007) . The key requirements are the presence of garnet to explain the depletion of heavy rare earth elements, the presence of rutile to explain negative anomalies of Nb, Ta, and Ti, and the absence of plagioclase to explain the positive Sr anomaly. Although all these requirements can be met in laboratory experiments, they are not so easily achieved by natural processes. It is now well accepted that many modern adakites occurring at circum-Pacific plate boundary are closely associated with the subduction of young oceanic crust (Defant and Drummond, 1990). Based on our studies (Xiao et al., 2006; Ding et al., 2007), we deduce that many adakitic magmas, including those of the Lower Yangtze river belt, are best explained as having formed through dehydration melting of subducting oceanic crust during the transition from amphibolite to eclogite (Xiong, 2006), a process which readily accounts for their large range in Sr/Y, negative Nb, Ta anomalies, and heavy rare earth element depletion.
The negative ε Nd and radiogenic-enriched Sr and Pb isotope signatures can also be explained by the mixing of adakitic magmas derived from subducted oceanic plates with high Nd/Sm, Rb/Sr components in the lithospheric mantle (Fig.  5) . The Lower Yangtze river belt is located near the boundary between EMI and EMII mantle sources (Chung, 1999) . The North China block is characterized by an EMI-type of enriched mantle source, whereas the South China block is characterized by an EMII-type of enriched mantle source. Consistently, most of the published adakite-adakitic rocks (Table  A1) can be explained by mixing between normal adakitic magmas and EMII mantle components with or without minor EMI materials (Fig. 5 ). In addition, recent studies show that most of these adakites are mixtures of mantle and crustal components (Xie et al., 2008 (Xie et al., , 2009 ). Therefore, the adakitic magmas may have incorporated considerable amount of crustal materials through AFC processes. Thus, we argue that the distribution of adakite and other igneous rocks in the Lower Yangtze river belt suggests that this adakite can be best explained by ridge subduction.
Ore genesis in the Lower Yangtze river belt
Ore deposits in the Lower Yangtze river belt are closely associated with igneous rocks. In the inner belt (Fig. 1B) Oxygen fugacity in convergent margin magmas is usually considerably higher than in MORs and other geologic settings (Ballhaus, 1993; Brandon and Draper, 1996 , which are generally much dryer than subducted oceanic crust. Therefore, it is not clear that adakitic rocks derived from thickened lower crust would have sufficient water to elevate their oxygen fugacity. By contrast, the large-scale mineralization can be readily explained by a ridge subduction model.
The association between adakitic rocks and Cu-Au porphyry deposits was interpreted to have been caused by high oxygen fugacity in adakitic rocks controlled by Fe transportation in magma (Mungall, 2002) . Others argue that the distinctive compositions of most adakite-like arc rocks can be explained by common upper plate magmatic processes such as melting assimilation, storage homogenization, and assimila- . In general, this kind of fluid released at the early stage of subduction at <50 km depth are mostly retained in the fore-arc mantle wedge, and thus are commonly not involved in the formation of arc magmas. We propose that, during ridge subduction, the opening of a slab window results in the upwelling of hot asthenosphere, and consequently leads to partial melting of the metasomatized portion of the overriding lithosphere, forming Nb-enriched basalt.
Conclusions
The distribution of igneous rocks and ore deposits in the Lower Yangtze river belt can best be explained by the subduction of a MOR between the Pacific and Izanagi plates. Adakite in the Lower Yangtze river belt was formed by partial melting of young, hot subducting oceanic plates near the ridge. Its isotopic characteristics were modified by enriched components of the overlying lithospheric mantle. During ridge subduction, a slab window opened, leading to the formation of A-type granitoids and Nb-enriched basalt by the upwelling of asthenospheric mantle. Mineralization was closely associated with ridge subduction because of the elevated oxygen fugacity of the magmas, which favored transfer of metal and sulfur to the upper crust. 
